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Summary
Decreased plasma ADAMTS13 activity (ADAMTS13:AC) results in the accumulation of unusually large von Willebrand factor multimer (UL-VWFM) and the formation of platelet thrombi. It remains controversial whether or not plasma
ADAMTS13:AC decreases in patients with liver cirrhosis (LC),
and its relationship to clinical features has not been fully investigated.We measured ADAMTS13:AC and its related parameters
in plasma in 33 patients with chronic hepatitis (CH) and in 109
patients with LC. ADAMTS13:AC decreased with increasing severity of liver disease (controls means 100%, CH 87%, Child
A-LC 79%, Child B-LC 63%, and Child C-LC 31%), and showed
severe deficiency (<3% of controls) in five end-stage LC. Activities measured by act-ELISA strongly correlated with those determined by the VWFM assay and ADAMTS13 antigen. Multivariate analysis showed Child-Pugh score and spleen volume inde-

pendent factors contributing to ADAMTS13:AC. VWFM patterns were normal in 53% of cases, degraded in 31%, and unusually large in 16%. Patients with unusually large VWFM had the
lowest ADAMTS13:AC as well as the highest Child-Pugh score,
serum creatinine and blood ammonia levels. Plasma inhibitor
against ADAMTS13 detected in 83% of patients with severe to
moderate ADAMTS13:AC deficiency mostly showed marginal
zone between 0.5 and 1.0 BU/ml. The IgG-type autoantibodies
specific to plasma derived-ADAMTS13 was detected by Western blot in only five end-stage LC with severe ADAMTS13:AC
deficiency. In conclusion, both plasma ADAMTS13 activity and
antigen levels decreased with increasing severity of cirrhosis.An
imbalance between the decreased ADAMTS13:AC and its increased substrate may reflect the predisposing state for platelet
thrombi formation in patients with advanced LC.
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Introduction
ADAMTS13 (a disintegrin-like and metalloproteinase with
thrombospondin type-1 motifs 13) is a metalloproteinase that
specifically cleaves the Tyr1605-Met1606 bond of von Willebrand factor (VWF) A2 domain (1, 2). VWF is exclusively synthesized in vascular endothelial cells and is secreted into the circulation as unusually large VWF multimers (UL-VWFMs),
which are most biologically active to aggregate platelets and
form platelet thrombi under high shear stress (3). ADAMTS13
rapidly cleaves UL-VWFMs into smaller VWF multimers,

which are less biologically active, and thereby prevents platelet
hyperaggregation and thrombi formation (3). Congenital deficiency of ADAMTS13 activity (ADAMTS13:AC) caused by its
gene mutations (1, 4), and acquired deficiency due to the development of the neutralizing autoantibodies, ADAMTS13 inhibitors (ADAMTS13:INH) (5, 6), result in thrombotic thrombocytopenic purpura (TTP), a life-threatening generalized disease (7). The ADAMTS13 gene was originally cloned using liver
cell libraries (2), and it was later shown that the enzyme is produced exclusively in hepatic stellate cells (HSCs) (8).
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Variable

Chronic hepatitis
(n=33)

Liver cirrhosis
Child A (n=35)

Child B (n=33)

Child C (n=41)

Age (years)

56.6 ± 12.4

66.4 ± 7.8b

63.6 ± 8.3a

64.9 ± 15.8a

Sex (male/female)

17/16

25/10

17/16

23/18

Table 1: Clinical data of patients with chronic liver
diseases.

Cause of liver disease
HCV/HBV/Alcohol/PBC/Cryptogenic

29/3/0/0/1

24/4/4/0/3

20/7/2/0/4

23/5/5/4/4

Child-Pugh score

⎯

5.5 ± 0.5

7.9 ± 1.0c

11.6 ± 1.5e

Spleen

volume (mm3)

Ascites (-/easily mobilized/refractory)

219 ± 123

323 ±

0

35/0/0

181a

399 ±

250b

21/10/2

559 ± 248b, c, d
8/6/27

Hepatorenal syndrome (+)

0

0

0

10

Encephalopathy (+)

0

0

9

33

Esophageal varices (-/mild/severe)f

0

10/12/13

3/7/23

3/6/32

Hepatocellular carcinoma (+)

2

22

16

JIS

scoreg

0, 0

19
c

1.4 ± 0.9

2.8 ± 1.0

3.7 ± 1.1c, d

The data are expressed as mean ± SD. HCV, hepatitis C virus; HBV, hepatitis B virus; PBC, primary biliary cirrhosis.
ap<0.01 and bp<0.001 vs. patients with chronic hepatitis, respectively. cp<0.001 vs. cirrhotics with Child A. dp<0.01 and ep<0.001 vs. cirrhotics with Child B, respectively. fMild or severe esophageal varices indicate lesions without or with endoscopic signs of impending variceal rupture, respectively. gThe Japan Integrated Staging score obtained via the summation of Child-Pugh score and tumor stage score (32).

Alternatively, increased plasma levels of VWF antigen
(VWF:Ag)(9, 10), and thrombocytopenia are commonly seen in
patients with advanced LC (11–13). Moreover, cases of advanced LC are often complicated by thrombosis in one or more
organs in addition to the portal and hepatic veins (14–16), suggesting a predisposition toward thrombogenesis in advanced LC.
Regarding the possibility of a relationship of ADAMTS13
and various liver diseases, Mannucci et al. (17) originally reported a significant reduction of the ADAMTS13:AC in advanced LC. Subsequently, we have shown that this activity is significantly reduced in patients with hepatic veno-occlusive disease (18), alcoholic hepatitis (19), and those undergoing livingdonor related liver transplantation (20). Furthermore, HCV-related cirrhosis patients typically develop TTP with
ADAMTS13:INH (21). In cases of advanced LC, however, the
recent two studies reported apparently opposite results on plasma levels of ADAMTS13:AC: in one study (22), activity was unchanged, whereas in the other it was reduced (17, 23). The authors of the former study further reported that plasma levels of
VWF:Ag were increased, but the higher molecular weight
multimer was more degraded than normal controls, thus maintaining normal levels of enzyme-to-substrate (ADAMTS13/ULVWFMs) ratio to maintain blood fluidity. The study employed
the collagen binding assay for ADAMTS13:AC, and the assay
has been established, but it is possible that compounds in the
tested samples affected the assays in a manner that is not wellunderstood. In the classic VWFM assay, a gold standard method
for ADAMTS13:AC (24), a high concentration of free hemoglobin is well-known to inhibit the enzyme activity (25); likewise, in
fluorogenic FRETS-VWF73 assays (26), both bilirubin and chylomicron in tested samples block the activity (27). More recently,
however, a chromogenic enzyme-linked immunoassay for
ADAMTS13:AC (ADAMTS13-act-ELISA) was shown to be
totally insensitive to the presence of such compounds (28).

We have performed comprehensive studies in a large population of patients with chronic liver diseases (n=142), paying particular attention to ADAMTS13 and VWF; plasma levels of
ADAMTS13:AC, ADAMTS13 antigen (ADAMTS13:AG),
ADAMTS13:INH, VWF:Ag, VWF ristocetin cofactor activity
(VWF:RCo), and analysis of plasma UL-VWFMs, in order to
explore the relationship between ADAMTS13:AC, the clinical
features, and laboratory findings of patients with liver cirrhosis.
Furthermore, we examined the presence or absence of immunoglobulin G (IgG)-type autoantibodies specific to plasma derivedADAMTS13 by Western blot in patients with ADAMTS13:INH
in plasma.

Materials and methods
Patients
A total of 142 patients with chronic liver diseases were included
in this study, of whom 33 had biopsy-proven chronic hepatitis
and 109 had LC, including a case with TTP (21) (Table 1). Patients with a known history of coagulopathies, sepsis, or platelet
disorders were excluded. The origin of liver disease was hepatitis C virus (HCV) in 96 cases; hepatitis B virus (HBV) in 19; alcohol abuse in 11; primary biliary cirrhosis (PBC) in four; and
cryptogenic in 12. The diagnosis of cirrhosis was based on physical findings, laboratory tests, and in many cases had been confirmed by histological criteria. Of the LC patients, 35 were Child
A, 33 were Child B, and 41 were Child C, according to ChildPugh’s criteria (29). Spleen volume, determined by computed tomography scans (30), increased as liver disease progressed. Ascites was easily mobilized in 16 patients and refractory in 29, 10
of whom finally progressed to hepatorenal syndrome according
to the criteria described previously (31). Spontaneous bacterial
peritonitis (SBP) occurred in 10 patients with refractory ascites,
and in seven patients this was complicated by hepatorenal syn-
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Figure 1: Plasma levels of ADAMTS13:AC and ADAMTS13:AG
in patients with chronic liver diseases. The plasma levels of
ADAMTS13:AC determined by two methods, the VWFM assay and
ADAMTS13-act-ELISA, were in good accordance (r=0.841, p<0.001), although some discrepant results were observed (A). Severe deficiency in
ADAMTS13:AC (<3%) was seen in five LC patients with Child C by the
VWFM assay, but by the act-ELISA they ranged from <0.5 to 15.9% of
the normal control (B, shown by arrows). Plasma ADAMTS13:AC determined by the ELISA progressively decreased with worsening cirrhosis
(B). In addition, the plasma levels of ADAMTS13:AG quantified by the

ELISA highly correlated with ADAMTS13:AC measured by the act-ELISA
(r=0.715, p<0.001)(C). The ADAMTS13:AG levels also decreased with
increasing cirrhosis severity (D). Open circles, normal controls; open
triangles, chronic hepatitis; open squares, cirrhosis with Child A; closed
triangles, cirrhosis with Child B; closed circles, cirrhosis with Child C.
Shaded area shows normal range. ADAMTS13:AC=ADAMTS13 activity,
ADAMTS13:AG=ADAMTS13 antigen, VWFM=von Willebrand factor
multimer. *p<0.05, and **p<0.001 significantly different between the two
groups.

drome. Hepatic encephalopathy grade II or greater developed in
42 patients. Sixty-eight LC patients had endoscopic signs of impending variceal rupture. Hepatocellular carcinoma (HCC) was
found in two patients with chronic hepatitis and 57 cirrhosis patients. HCC was graded by the Japan Integrated Staging (JIS)
score (32) obtained via the summation of tumor stage score and
Child-Pugh score (Table 1). All subjects gave informed consent
to participate in the study. The study protocol was approved by
the Nara Medical University Hospital Ethics Committee.

VWFM assay, Western blot (WB) analysis was performed to
quantify ADAMTS13:AG using the murine anti-ADAMTS13
mAb WH2–11-1 (IgG1-κ) (35). Plasma VWF:Ag was measured
by a rabbit polyclonal sandwich ELISA (Dako, Glostrup, Denmark), and its normal level was 100 ± 53% (n=60, 20–39 years of
age). VWF:RCo was determined as described (36), and its normal value was 100 ± 15%. In 49 LC patients with lower
ADAMTS13:AC (less than 50% of normal control), plasma ULVWFMs were analyzed by a vertical SDS-1.0% agarose gel electrophoresis system (37), and evaluated using NIH image J.
ADAMTS13:INH was evaluated using heat-inactivated plasma
at 56°C for 30 minutes (5, 6). One Bethesda unit of inhibitor was
defined as the amount of plasma that reduces ADAMTS13:AC
to 50% of the control (38), and its titer was defined to be significant at >0.5 Bethesda Units (BU)/ml.

Determination of ADAMTS13:AC, ADAMTS13:AG,
VWF:Ag, VWF:RCo, UL-VWFMs and ADAMTS13:INH
Blood was obtained from the patients at the time of admission or
during a hospital stay. Samples were stored in plastic tubes containing 1/10th volume of 3.8% sodium citrate. Platelet-poor plasma prepared by centrifugation at 3000 x g at 4°C for 15 minutes
was stored in aliquots at – 80°C until analysis. Plasma
ADAMTS13:AC was determined by both a classic VWFM assay
(24, 33) and a sensitive chromogenic ELISA (ADAMTS13-actELISA: Kainos Inc., Tokyo, Japan) (28). The normal value was
102 ± 23% in the VWFM assay (33) and 99 ± 22% in the actELISA (28). ADAMTS13:AG was measured by a sandwich
ELISA using two murine monoclonal antibodies (mAbs) as previously reported (34), and its normal value was 106 ± 39%. In
five LC patients whose ADAMTS13:AC was less than 3% in the

Detection of IgG-type autoantibodies specific to
plasma derived-ADAMTS13 by WB
In order to differentiate between IgG associated with autoantibodies against ADAMTS13 and high IgG concentration, we tried
to detect IgG-type autoantibodies specific to plasma derivedADAMTS13 by WB. Plasma-derived (pd)-ADAMTS13 was
purified using A10-agarose immunoaffinity chromatography
followed by size-exclusion chromatography (39). The A10 was
the murine anti-ADAMTS13 monoclonal antibody, which rec-
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Figure 2: Plasma levels of ADAMTS13:AC with and without hepatocellular carcinoma. Child A LC patients with HCC had reduced
ADAMTS13:AC compared to those without HCC, but there were no
differences between Child B and C LC patients with and without HCC
(A). ADAMTS13:AC was lower in patients with JIS score 4 and score 5
compared to patients with score 0, score 1, and score 2 (B). Open box,
cirrhosis patients without HCC; shaded box, with HCC.
ADAMTS13:AC=ADAMTS13 activity, HCC= hepatocellular carcinoma,
JIS=The Japan Integrated Staging score obtained via the summation of
Child-Pugh score and tumor stage score (32). *p<0.05, **p<0.01, and
***p<0.001 significantly different between the two groups.

ognizes an epitope in the disintegrin domain, totally inhibiting
enzyme activity at a final concentration of 50 μg/ml (8). Purified
pd-ADAMTS13 had a specific activity of 302 units/mg.
SDS-5% polyacrylamide gel electrophoresis (PAGE) analysis

Table 2: Correlation coefficients between plasma
ADAMTS13:AC and clinical variables in patients with chronic
liver diseases.
Variables

Correlation
coefficients

P-value

Child-class

–0.597

<0.0001

Child-Pugh score

–0.593

<0.0001

Hemoglobin (g/dl)

0.490

<0.0001

Spleen volume (cm3)

–0.470

<0.0001

Prothrombin time (%)

0.451

<0.0001

Serum albumin (g/dl)

0.418

<0.0001

Platelet count (x104/mm3)

0.413

<0.0001

C-reactive protein (mg/dl)

–0.395

<0.0001

Blood ammonia (μg/dl)

–0.382

0.0005

Total cholesterol (mg/dl)

0.361

<0.0001

Blood urea nitrogen (mg/dl)

–0.353

<0.0001

Serum indirect bilirubin (mg/dl)

–0.329

<0.0001

Serum creatinine (mg/dl)

–0.326

0.0001

Interleukin-6 (pg/ml)

–0.267

0.002

Serum total bilirubin (mg/dl)

–0.256

<0.005

Lactate dehydrogenase (IU/l)

–0.240

<0.005

–0.237

<0.005

White blood cell count

(/mm3

ADAMTS13:AC, ADAMTS13 activity.

)

revealed a 170 kD-band before and a 190 kD-band after reduction. During storage at –80°C, however, the oxidized 170 kDband occasionally degraded into fragments with smaller molecular masses of 130~150 kDa. To detect IgG-type autoantibodies
specific for purified pd-ADAMTS13, 0.15 μg pd-ADAMTS13
per lane was separated by SDS-5%PAGE under non-reducing
conditions, then electrophoretically transferred to polyvinylidine fluoride (PVDF) membranes (Bio-Rad, Hercules, CA,
USA). After blocking nonspecific binding with 5% skim milk,
PVDF membranes were cut longitudinally into small pieces (3 x
800 mm). Each strip was incubated overnight at 4°C with 3 ml
5% skim milk containing 50 μl heat-treated plasma obtained
from each patient who had ADAMTS13:INH more than 0.5 Bethesda Units (BU)/ml. The heat-treated plasma was prepared by
incubation at 56°C for 30 min. After centrifugation, the supernatant was used in assays. Human IgG bound to the purified pdADAMTS13 on PDVF membranes was detected using a horseradish peroxidase (HRP)-conjugated anti-human IgG antibody
(ICN Pharmaceuticals Inc., Aurora, OH, USA). Binding was visualized by chemiluminescence with Western Lightning Chemiluminescence reagent (Perkin-Elmer Life Science Inc., Boston,
MA, USA) and imaged by X-ray autoradiography (Eastman
Kodak, Rochester, NY, USA). Heated plasma from a patient with
acquired idiopathic TTP with IgG inhibitors against
ADAMTS13 was used as a positive control, while plasma from a
normal individual without ADAMTS13:INH was used as a
negative control.
Measurements of cytokines
Plasma concentrations of cytokines, tumor necrosis factor-α
(TNF-α), interleukin 6 (IL-6), and interleukin 8 (IL-8), were determined with commercially available kits (Immunoassay Kits,
BioSource International, Camarillo, CA, USA).
Statistical analysis
Differences between paired and unpaired groups were analyzed
using Student’s t test. Correlations were calculated by Spearman
rank test. To determine which clinical parameters independently
correlated with plasma ADAMTS13:AC, we applied a stepwise
selection procedure based on multiple regression analysis. The
analyses were carried out using Statview statistical software
(version 5.0; SAS Institute, Cary, NC, USA). The data are expressed as the mean ± SD. A two-tailed p-value less than 0.05
was considered significant.

Results
Plasma levels of ADAMTS13:AC and ADMTS13:AG
Plasma levels of ADAMTS13:AC determined by VWFM assay
were 56 ± 34% in LC patients, which was significantly lower
than those of both healthy subjects (p<0.001) and patients with
chronic hepatitis (87 ± 27%, p<0.001). The ADAMTS13:AC
levels progressively decreased with worsening cirrhosis; 79 ±
25% in Child A, 63 ± 34% (p<0.05) in Child B, and 31 ± 22%
(p<0.001) in Child C. The levels of ADAMTS13:AC determined
by the act-ELISA were in good accordance with those measured
by the VWFM assay (r=0.841, p<0.001) (Fig. 1A); these values
were 91 ± 22% in chronic hepatitis, 80 ± 24% in Child A, 65 ±
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Figure 3: Plasma levels of
VWF:Ag, VWF:RCo,
VWF:RCo/VWF:Ag ratio,
and VWF:RCo/
ADAMTS13:AC ratio, and
platelet count in patients
with chronic liver disease.
The VWF:Ag increased with
the progression of chronic
liver diseases, but the difference between Child B and C
did not reach statistical significance (A). The VWF:RCo is
higher in LC patients than in
patients with chronic hepatitis
and healthy subjects, but it did
not differ among subgroups
within LC (B). The VWF:RCo
relative to VWF:Ag was lower
in patients with chronic hepatitis and LC than in healthy subjects, but no differences were
found among subgroups within
LC (C). Furthermore, the
VWF:RCo relative to
ADAMTS13:AC progressively
increased with worsening
chronic liver disease (D). Platelet count decreased with the
severity of chronic liver diseases, but no difference was
found between Child B and C.
VWF:Ag=von Willebrand factor antigen, VWF:RCo=von
Willebrand factor ristocetin
cofactor activity,
ADAMTS13:AC=ADAMTS13
activity. Shaded area shows
normal range. *p<0.05,
**p<0.01, and ***p<0.001 significantly different between the
two groups.

31% in Child B, and 40 ± 22% in Child C (Fig. 1B). Some discrepancies were observed: for example, deficiency in
ADAMTS13:AC (<3%) by the VWFM assay was seen in five
LC patients with Child C, but by the act-ELISA these patients
ranged from <0.5 to 15.9% of the normal control (Fig. 1B, shown
by arrows). Because the two types of assays were in good agreement, plasma levels of ADAMTS13:AC described in this paper
are the values determined by act-ELISA unless otherwise noted.

Furthermore, the plasma levels of ADAMTS13:AG were
highly correlated with ADAMTS13:AC (r=0.715, p<0.001)
(Fig. 1C). The levels of ADAMTS13:AG were significantly
lower in LC patients (52 ± 33%), than in healthy subjects
(p<0.001) and patients with chronic hepatitis (81 ± 28%,
p<0.001). These values also decreased with increasing cirrhosis
severity (Child A, 74 ± 36%; Child B, 55 ± 29%, p<0.05; Child
C, 30 ± 15%, p<0.001) (Fig. 1D).
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Figure 4: Plasma VWF multimer in 49 LC patients with severe
to mild deficiency of ADAMTS13:AC and Western blot analysis
of ADAMTS13 in five LC patients with severe deficiency of
ADAMTS13:AC. The VWF multimer was analyzed by a vertical
SDS-1.0% agarose gel electrophoresis system (A, B). Five patients (patients no. 1–5) (A) were originally identified as a severe deficiency of
plasma ADAMTS13:AC by the VWFM assay. Twenty-two patients (patients nos. 6–27) showed a moderate deficiency (3–25% of the control),
and the remaining 22 patients (nos. 28–49) mild deficiency (25–50% of
the control) of plasma ADAMTS13:AC by both methods of VWFM assay
and the act-ELISA, without discordant results. There were three differ-

ent patterns including degraded-, normal-, and UL-VWFM. Out of these
49 patients, 26 (53.1%) showed normal VWFMs, 15 (30.6%) degradedVWFMs, and the remaining eight (patients nos. 3, 4, 11, 14, 16, 18, 23,
and 26) (16.3%) UL-VWFMs. ADAMTS13:AC = ADAMTS13 activity,
VWFM=von Willebrand factor multimer, UL-VWFM =unusually large
von Willebrand factor multimer, NP= normal control plasma. Panel C
showed the Western blot analysis of ADAMTS13:AG, which was performed using a murine anti-ADAMTS13 monoclonal antibody.
ADAMTS13:AG was quantified from 10% to 58% in five LC patients according to the intensity of blotting using NIH image J. The left part of
panel C shows a standard curve using diluted normal plasma.

Plasma levels of ADAMTS13:AC versus clinical
variables
In order to investigate the effects of HCC complicated with LC
on plasma levels of ADAMTS13:AC, the patients were divided
into two groups, with and without HCC. As shown in Figure 2A,
patients of Child A LC patients with HCC had a significantly

lower ADAMTS13:AC than those without HCC (69 ± 22% versus 103 ± 11%, p<0.001), but there were no differences between
Child B and Child C LC patients with and without HCC. Furthermore, as shown in Figure 2B, plasma ADAMTS13:AC levels
were lower in patients with JIS score 4 (32 ± 28%, p<0.05) and
score 5 (26 ± 29%, p<0.05) than in patients with score 0 (67 ±
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Table 3: Comparison of
clinical parameters among
cirrhotic patients according to VWF multimer patterns.

Variables

VWF multimer pattern

A vs. B

degradeda

normalb

unusually largec

n=15

n=26

n=8

A vs. C

B vs. C

ADAMTS13:AC (%) (act-ELISA)

47 ± 24

44 ± 13

26 ± 14

n.s.

p<0.05

p<0.01

VWF:RCo (%)

110 ± 92

196 ± 134

216 ± 110

p<0.05

p<0.05

n.s.

Child-Pugh score
Serum albumin (g/dl)

8.6 ± 2.5

10.9 ± 2.1

12.4 ± 1.7

p<0.01

p<0.005

n.s.

3.07 ± 0.54

2.85 ± 0.54

2.59 ± 0.25

n.s.

p<0.05

n.s.

Cholinesterase (IU/l)

126 ± 62

78 ± 64

60 ± 36

p<0.05

p<0.02

n.s.

Total cholesterol (mg/dl)

142 ± 51

93 ± 45

88 ± 40

p<0.01

p<0.03

n.s.

Hemoglobin (g/dl)

11.0 ± 1.7

9.3 ± 2.0

8.9 ± 1.7

p<0.02

p<0.02

n.s.

Serum creatinine (mg/dl)

1.06 ± 0.72

1.11 ± 0.79

2.43 ± 2.16

n.s.

p<0.05

p<0.03

Blood urea nitrogen (mg/dl)

22 ± 17

30 ± 21

74 ± 62

n.s.

p<0.01

p<0.01

Blood ammonia (μg/dl)

87 ± 50

100 ± 39

144 ± 53

n.s.

p<0.05

p<0.05

VWF, von Willebrand factor; ADAMTS13:AC, ADAMTS13 activity; ELISA, enzyme-linked immunosorbent assay; VWF:RCo, VWF ristocetin cofactor activity;
n.s., not significant.

24%), score 1 (65 ± 37%), and score 2 (69 ± 22%). In addition,
the levels of ADAMTS13:AC were significantly lower in LC patients with the following clinical conditions than those without;
hepatic encephalopathy (28 ± 24% versus 71 ± 29%, p<0.001),
hepatorenal syndrome (13 ± 12% versus 61 ± 33%, p<0.001),
and severe esophageal varices (46 ± 33% versus 75 ± 34%,
p<0.05). Moreover, patients with refractory ascites had lower
ADAMTS13:AC (25 ± 17%) than those without ascites (70 ±
30%, p<0.001) or those with easily mobilized ascites (56 ± 37%,
p<0.001).
We next performed a univariate analysis using all patients
with chronic hepatitis and liver cirrhosis, excluding a patient
with TTP, and the 17 examined variables significantly correlated
with ADAMTS13:AC (Table 2). We further performed a multivariate analysis using all significant baseline parameters determined by the univariate analysis except Child-Pugh score.
Spleen volume, blood ammonia, and serum creatinine independently correlated with ADAMTS13:AC (r=0.690, p<0.0001). As
a second step, the three parameters that contribute to the ChildPugh classification (total bilirubin, albumin, and prothrombin
time) were replaced by the Child-Pugh score. As a result, the
Child-Pugh score and spleen volume were independently selected (r=0.548, p<0.0001).
Plasma levels of VWF:Ag and VWF:RCo, the ratios of
VWF:RCo/VWF:Ag and VWF:RCo/ADAMTS13:AC,
and platelet count
Plasma levels of VWF:Ag were significantly higher in LC patients (421±249%) than in patients with chronic hepatitis (245 ±
135%, p<0.001) and healthy subjects (p<0.001) (Fig. 3A); in subgroups of LC patients, it was 320 ± 174% in Child A, 436 ± 267%
(p<0.05) in Child B, and 486 ± 254% (p<0.01) in Child C. Like
VWF:Ag, plasma levels of VWF:RCo were higher in LC patients
(205 ± 168%) than in patients with chronic hepatitis (101 ± 86%,
p<0.005) and healthy subjects (100 ± 15%, p<0.01), but did not
differ among subgroups of LC patients: 186 ± 137% in Child A,
198 ± 172% in Child B, and 227 ± 187% in Child C (Fig. 3B).

The ratio of VWF:RCo to VWF:Ag was lower in patients
with chronic hepatitis (0.45 ± 0.27, p<0.001) and LC (0.54 ±
0.45, p<0.001) than in healthy subjects (1.1±0.42), but no differences were found among LC patients with Child A (0.63±0.49),
Child B (0.50±0.46) and Child C (0.51±0.40) (Fig. 3C). In
contrast, the ratio of VWF:RCo to ADAMTS13:AC significantly
increased with the progression of liver diseases (0.9 ± 0.2 in
healthy subjects; 0.7 ± 0.5 in chronic hepatitis; 1.6 ± 1.7 in Child
A; 5.0 ± 5.7 in Child B; and 16.8 ± 28.2 in Child C) (Fig. 3D). On
the other hand, platelet count decreased with the severity of
chronic liver diseases: 15.9 ± 4.8 x104/mm3 in chronic hepatitis;
9.6 ± 4.6 x104/mm3 in Child A; 6.9 ± 2.4 x104/mm3 in Child B;
and 6.0 ± 2.3 x104/mm3 in Child C.
Clinical and laboratory characteristics of 49 LC
patients with a severe to mild reduction of plasma
ADAMTS13:AC
Five patients (patients no. 1–5, Fig. 4A) were originally identified as being severely deficient in plasma ADAMTS13:AC by
the VWFM assay. Twenty-two patients (patient no. 6–27, Fig.
4B) showed a moderate deficiency (3–25% of the control), and
the remaining 22 patients (no. 28–49, Fig. 4B) exhibited a mild
reduction (25–50% of the control) of plasma ADAMTS13:AC
by both the methods of VWFM assay and the act-ELISA, without discordant results. Out of these 49 patients, the VWFM
analysis (Fig. 4A, B) revealed that 26 (53.1%) had normal
VWFMs, 15 (30.6%) had degraded-VWFMs, and the remaining
eight (patients no. 3, 4, 11, 14, 16, 18, 23, and 26) (16.3%) had
UL-VWFMs. With respect to the comparison of clinical parameters according to VWFM patterns, UL-VWFMs-positive patients showed the lowest ADAMTS13:AC, and the highest values of serum creatinine, blood urea nitrogen, and blood ammonia
(Table 3). In addition, LC patients with UL- and normalVWFMs showed higher levels of VWF:RCo and Child-Pugh
score, and lower values of cholinesterase, total cholesterol, and
hemoglobin than those with degraded-VWFMs (Table 3).
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Figure 5: Detection of IgG-type autoantibodies specific to plasma derived-ADAMTS13 by Western blot. To detect IgG-type autoantibodies against ADAMTS13, we performed Western blot analysis
using plasma derived (pd)-ADAMTS13 purified by A10-agarose immunoaffinity chromatography as described in Materials and methods. Heated
plasma from a patient with acquired idiopathic TTP with IgG inhibitors
against ADAMTS13 was used as a positive control, while that from a
normal individual without ADAMTS13:INH was used as a negative con-

trol. Of the 28 LC patients with ADAMTS13:INH, five LC patients with
severe ADAMTS13:AC deficiency (<3% of controls) exhibited in plasma
a 170 kD-band, indicating the presence of IgG autoantibodies specific for
purified pd-ADAMTS13 under non-reducing conditions. However, the
IgG inhibitor against ADAMTS13 was not detected in the remaining 23
LC patients with moderate or mild deficiency of ADAMTS13:AC.
pd=plasma derived, ADAMTS13:INH=ADAMTS13 inhibitor, IgG=immunoglobulin G, Ab=antibody, ADAMTS13:AC=ADAMTS13 activity.

ADAMTS13:INH and detection of IgG-type autoantibodies specific to pd-ADAMTS13 by WB
ADAMTS13:INH was detected in all five patients with severe
ADAMTS13:AC deficiency (<3%), in 19 (86.4%) of 22 LC patients with moderate deficiency (3–25%), and in four (18.2%) of
22 LC patients with mild ADAMTS13:AC deficiency
(25–50%). The inhibitory activity was 2.0 BU/ml (21) in a LC
patient with TTP, and 3.0 BU/ml in a patient with severe
ADAMTS13:AC deficiency, but in remaining patients the inhibitory activity showed marginal zone between 0.5 and 1.0 BU/
ml. Of the 28 LC patients with ADAMTS13:INH, five LC patients with severe ADAMTS13:AC deficiency (<3%) exhibited
in plasma a 170 kD-band, indicating the presence of IgG autoantibodies specific for purified pd-ADAMTS13 under non-reducing conditions (Fig. 5). However, the IgG inhibitor against
ADAMTS13 was not detected in the remaining 23 LC patients
with moderate or mild deficiency of ADAMTS13:AC (Fig. 5).

high-molecular-VWF multimers, which are present in normal
plasmas. The ADAMTS13:INH levels in these five patients
ranged from 0.5 to 3.0 BU/ml, and the inhibitor showed the IgGtype autoantibodies specific to pd-ADAMTS13 (Fig. 5).

Clinical and laboratory characteristics of five LC patients with extremely low levels of plasma
ADAMTS13:AC determined by the VWFM assay
All five patients with extremely low levels of plasma
ADAMTS13:AC displayed signs of end stage liver disease
(Table 4). Case 1 was associated with TTP (21) and case 2 had
HRS and liver abscess. Case 3 was complicated by SBP and
HRS, case 4 with direct invasion of HCC to transverse colon, and
case 5 with SBP, HRS and portal thrombus. Cases 2, 4, and 5 had
a marked inflammatory reaction, and Cases 2 and 4 showed a
high concentration of IL-6. Plasma ADAMTS13:AC ranged
from <0.5% to 15.9% as determined by act-ELISA. The plasma
levels of ADAMTS13:AC determined by act-ELISA were in
good accordance with those of plasma ADAMTS13:AG quantified both by the antigen-ELISA and by the Western blot analysis
in cases 3, 4, and 5 (Table 4, Fig. 4C), but there was some discrepancy between the activity and antigen of ADAMTS13 in cases 1
and 2. UL-VWFM was detected in cases 3 and 4, whose
VWF:RCo and the ratio of VWF:RCo to VWF:Ag was high (1.0,
0.8), whereas in the other three patients without UL-VWFM
(cases 1, 2, and 5), VWF:RCo did not increase and the ratios
were low (0.2–0.3). In contrast, cases 1 and 2 showed degraded

Plasma cytokine levels
Plasma IL-6 concentrations were the highest in patients with
Child C (51 ± 78 pg/ml) as compared with Child A (10 ± 5 pg/
ml, p<0.05), Child B (10 ± 6 pg/ml, p<0.05), and chronic hepatitis (<7.8 pg/ml, p<0.05), but IL-8 and TNF-α were below the
detection limits in all patients. The levels of IL-6 in the 10 LC patients with SBP were among the highest (189 ± 403 pg/ml). In
addition, there was a weak negative correlation between plasma
levels of ADAMTS13:AC and IL-6 concentration in patients
with chronic liver diseases (r=-0.267, p<0.002) (Table 2).

Discussion
Until now, it has not been clear whether plasma ADAMTS13:AC
would decrease in cirrhosis patients (17, 22, 23). In this study, we
clearly demonstrated that plasma ADAMTS13:AC decreased
with increasing cirrhosis severity in a large number of patients
(Fig. 1B). We used two different techniques to measure
ADAMTS13:AC, and values determined by the act-ELISA correlated well with those quantified by the VWFM assay (Fig. 1A).
Additionally, plasma ADAMTS13:AC was closely correlated
with plasma ADAMTS13:AG determined by the antigen-ELISA
(Fig. 1C, D) as described in TTP patients (40, 41), confirming
that both ADAMTS13 activity and antigen decreased with increasing cirrhosis severity. In contrast, Lisman et al. reported
that both ADAMTS13 activity and antigen levels were highly
variable; they did not distinguish between patients with varying
degrees of cirrhosis (22). It is unclear why these studies reached
differing conclusions, but one possible explanation relates to differences in disease etiology: a majority of our patients developed
cirrhosis secondary to HCV infection, whereas in the Lisman et
al. study, half of the patients suffered from alcohol abuse related
cirrhosis. Alternatively, the techniques used to determine
ADAMTS13:AC differed between our study (24, 28, 33) and
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Table 4: Clinical characteristics in five cirrhotic patients with severe deficiency of ADAMTS13 determined by VWFM assay.
Pt.

Age/
Sex

Etiology ChildPugh
Class/
Score

ADAMTS13:AC
(%)

ADAMTS13:AG
(%)

VWFM
assay

actELISA

ELISA

WB

actELISA
(BU/ml)

WB
(IgG)

ADAMTS13:
INH

VWF:
Ag (%)

VWF:
VWF:
RCo (%) RCo/
VWF:Ag

VWF:
RCo/
ADAMT
S13:AC

VWFM
pattern

1

65/M

HCV

C/14

<3

6.4

13

58

2.0

+

155

25

0.2

3.9

degraded

2

64/M

Cryptogenic

C/10

<3

<0.5

28

35

3.0

+

332

75

0.2

>150

degraded

3

70/M

PBC

C/13

<3

6.3

10

10

1.0

+

277

280

1.0

44.4

unusually
large

4

75/M

HCV

C/11

3

10.3

14

19

0.8

+

528

420

0.8

40.8

unusually
large

5

70/M

HBV

C/14

3

15.9

17

13

0.5

+

305

84

0.3

5.3

normal

Pt.

Hb
WBC
(g/dl) (/mm3)

Plat.
(104/
mm3)

CRP
(mg/dl)

IL-6
(pg/ml)

IL-8
(pg/ml)

TNFα
(pg/ml)

SBP

HRS

JIS
score

Remarks

1

5.1

7800

0.4

0.3

17

<15.6

<15.6

-

-

-

thrombotic thrombocytopenic purpura

2

11.0

18600

8.3

23.4

455

18.2

<15.6

-

+

3

liver abscess, diabetes mellitus, hypertension

3

9.6

3800

8.8

1.5

54

<15.6

<15.6

+

+

-

4

9.2

8300

7.7

4.6

110

<15.6

<15.6

-

-

5

direct invasion of HCC to transverse colon

5

7.1

10300

4.0

11.7

12

<15.6

<15.6

+

+

4

portal thrombus, diabetes mellitus

HCV, hepatitis C virus; HBV, hepatitis B virus; PBC, primary biliary cirrhosis; ADAMTS13:AC, ADAMTS13 activity; ADAMTS13:AG, ADAMTS13 antigen; ADAMTS13:INH, ADAMTS13 inhibitor, VWF, von Willebrand factor; VWF:Ag, VWF antigen; VWF:RCo, VWF ristocetin cofactor activity; VWFM, von Willebrand factor multimer; ELISA, enzyme-linked immunosorbent assay; WB, Western blot; BU, Bethesda Units; Hb,
hemoglobin; WBC, white blood cell count; Plat, platelet count; CRP, C-reactive protein; IL-6, interleukin-6; IL-8, interleukin-8; TNF-α, tumor necrosis factor-α; SBP, spontaneous bacterial peritonitis; HRS, hepatorenal syndrome; JIS, The Japan Integrated Staging score obtained via the summation of Child-Pugh score and tumor stage score (32); HCC, hepatocellular carcinoma.

theirs, which might explain the high variability they observed.
They used the collagen binding assay, which can be influenced
by the increase in plasma VWF:Ag usually found in LC patients
(23), whereas our act-ELISA is neither influenced by a large
amount of VWF:AG nor by hyperbilirubinemia (28). Our present
data indicating that ADAMTS13:AC decreases with increasing
cirrhosis severity are consistent with those recently reported by
Feys et al. (23) who analyzed ADAMTS13:AC using modified
collagen binding methods.
Additionally, in our study plasma ADAMTS13:AC was remarkably low in LC patients with hepatic encephalopathy, hepatorenal syndrome and refractory ascites. Furthermore, the decreased activity was also seen in patients with higher JIS scores
(4 to 5), indicating that ADAMTS13:AC was markedly reduced
when cirrhosis was complicated by diffuse HCC (Fig. 2). It was
recently reported that disseminated malignancies are associated
with a moderately decreased ADAMTS13:AC (15% of the control), implying that a mechanism regulating the primary platelettumor adhesive interactions is involved in the metastatic process
(42). In addition, using univariate analysis, we showed that
ADAMTS13:AC significantly correlated with 17 clinical variables (Table 2). Among these factors excluding Child-Pugh
score, multivariate analysis identified spleen volume, blood ammonia and serum creatinine as the independent factors contributing to the changes in ADAMTS13:AC. When Child-Pugh score
was incorporated into the analysis instead of the three parameters used to generate the score, the Child-Pugh score and spleen

volume were independently selected, indicating that
ADAMTS13:AC is closely related to the severity of liver disease
and splenomegaly in cirrhotic patients.
Alternatively, the plasma levels of VWF:Ag were increased
by 2.5-fold in patients with chronic hepatitis, and 3– to 5-fold in
both early and advanced LC (Fig. 3A), as previously reported (9,
10). The marked elevation of plasma VWF:Ag in LC patients
may be partly attributable to increased endothelial production induced by endotoxin (9, 43) and/or increased synthesis by
extrahepatic endothelial cells (44). The VWF:RCo was higher
(Fig. 3B), but the VWF:RCo relative to VWF:Ag was lower in
LC patients (Fig. 3C) than in healthy subjects, indicating that increased VWF:Ag appears less functional in cirrhosis patients.
These findings are consistent with previous reports (22). Nevertheless, it is interesting to note that the VWF:RCo relative to
ADAMTS13:AC progressively increased with worsening
chronic liver diseases (Fig. 3D), suggesting an enhanced thrombogenesis as liver dysfunction and thrombocytopenia progresses
(Fig. 3E). We found that decreased platelet counts were coincident with decreased plasma ADAMTS13:AC (Table 2), which
suggests an additional mechanism for thrombocytopenia related
to hypercoagulability in patients with advanced cirrhosis, distinct from hypersplenism (11) and decreased production of
thrombopoietin (12, 13).
There were three different VWFM patterns in 49 LC patients
with lower ADAMTS13:AC (<50 % of controls): normalVWFM was detected in 53%, degraded-VWFM in 31%, and
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UL-VWFM in 16% (Fig. 4). UL-VWFM-positive patients
showed the lowest ADAMTS13:AC, and the highest levels of
serum creatinine, blood urea nitrogen, and blood ammonia
(Table 3). Furthermore, LC patients with UL- and normalVWFM showed higher levels of VWF:RCo, lower functional
liver capacity, and a higher prevalence of anemia relative to those
with degraded-VWFM (Table 3). From these results, plasma
VWFM appears to shift from degraded- to normal-VWFM, and
finally to the UL-VWFM as functional liver capacity and renal
function deteriorates. ADAMTS13 may be gradually consumed
and decreased, resulting in increased VWF:Ag concomitant with
decreased ADAMTS13:AC, leading to an appearance of ULVWFM in advanced cirrhosis. Taken together, advanced cirrhosis may be a predisposing state for platelet microthrombi
formation, even in the absence of clinically overt thrombotic
events. In fact, portal or hepatic vein thrombosis is often observed in advanced LC patients routinely screened with Doppler
ultrasound (14), as well as in cirrhotic liver tissue removed at
transplantation (15). Moreover, microthrombi were found in one
or more organs in half of cirrhotic livers at autopsy (16), which is
consistent with our hypothesis.
Remarkably, using the VWFM assay we found severe deficiency of ADAMTS13:AC (<3% of controls) corresponding to
the level of TTP in five LC patients with end-stage liver disease.
One of them showed apparent TTP (21), and others were complicated by HRS, SBP, a marked inflammation together with cytokinemia, and advanced HCC (Table 4). In general, various clinical conditions, including infection, malignancies, and certain
drugs, can lead to acquired TTP (45). In advanced cirrhosis, endotoxemia is frequently detected (9), and SBP sometimes occurs
(31). HCC is highly complicated as the cirrhotic stage progresses
(46), indicating a high risk state for platelet microthrombi
formation. Furthermore, in cases 3, 4 and 5, the ADAMTS13:AC
by the act-ELISA were in good accordance with
ADAMTS13:AG (Table 4, Fig. 4C), but in cases 1 and 2, there
was some discrepancy between them, indicating that
ADAMTS13:AG was considerably present in these cases, even if
the activity was extremely low.
Plasma ADAMTS13:AC may decrease in advanced cirrhosis
due to decreased production of ADAMTS13 in HSCs (47), enhanced consumption to degrade large quantities of VWF:Ag,
and/or its plasma inhibitor (5, 6), the binding site of which is considered to be cysteine-rich/spacer domains (48). We observed
plasma ADAMTS13:INH in 83% of patients with severe to moderate ADAMTS13:AC deficiency, but its inhibitory activity
showed marginal zone between 0.5 and 1.0 BU/ml in most cases
except a TTP patient (2.0 BU/ml) (Table 4, case 1) (21) and a patient with severe ADAMTS13:AC deficiency (3.0 BU/ml)
(Table 4, case 2). Remarkably, we could detect the IgG-type
autoantibodies specific to purified pd-ADAMTS13 by Western
blot in five end-stage LC patients with severe ADAMTS13:AC
deficiency (<3%) (Fig. 5), as described in TTP (5, 6, 49), but not
in those with moderate or mild deficiency of the protease (Fig.
5). One of them (case 1, Table 4) certainly had characteristic
clinical features of TTP with the IgG inhibitor against
ADAMTS13 (0.4 BU/mg IgG using purified IgG from the patient’s plasma) as previously reported (21). The remaining four

patients did not show any apparent clinical features of TTP, but
seem to be indistinguishable from the typical TTP patient (Case
1, Table 4) from the points of ADAMTS13:AC and its inhibitor.
These results indicate that some end-stage LC patients who have
extremely low ADAMTS13:AC with the IgG inhibitor against
ADAMTS13 might be under the condition similar to TTP, or
might reflect “subclinical” TTP. With respect to the autoantibodies in patients with HCV-associated liver diseases, there is a
general consensus that the overall prevalence of serum nonorgan-specific autoantibodies are significantly higher in patients
with HCV (about one third of all cases) than in both healthy subjects and patients with HBV (50–52). The etiology of our five
end-stage LC patients with IgG-type autoantibodies was HCV in
two, HBV in one, PBC in one, and cryptogenic in one, indicating
that the presence of the autoantibodies against ADAMTS13
might be more associated with the disease progression. The decrease in ADAMTS13:AC would mainly be attributable to a decreased synthesis of ADAMTS13 due to liver failure and/or enhanced consumption to degrade large quantities of VWF:Ag, but
further studies are warranted in order to clarify which kind of inhibitor other than the IgG inhibitor would be involved in patients
with lower ADAMTS13:AC.
In addition, ADAMTS13:AC negatively correlated with
plasma IL-6 concentrations, which is thought to promote the decrease in the ADAMTS13:AC (53) in vitro. The inflammation
caused by SBP, endotoxemia, or other processes may thus be an
important factor precipitating the decreased plasma
ADAMTS13:AC in advanced cirrhosis (54). A recent study suggested that in patients with sepsis-induced disseminated intravascular coagulation, decreased ADAMTS13:AC could act together with UL-VWFM to contribute to the development of renal
failure (55). In our patients with hepatorenal syndrome frequently complicated with SBP, the ADAMTS13:AC was extremely low, suggesting that markedly decreased
ADAMTS13:AC could be a precipitating for the development of
hepatorenal syndrome.
In summary, both plasma ADAMTS13 activity and antigen
levels decreased with increasing severity of liver cirrhosis. An
imbalance between the decreased ADAMTS13:AC and its increased substrate may reflect the predisposing state for platelet
thrombi formation in patients with advanced liver cirrhosis.

Abbreviations
ADAMTS, a disintegrin-like and metalloproteinase domain
with thrombospondin type-1 motif; ADAMTS13:AC,
ADAMTS13 activity; ADAMTS13:AG, ADAMTS13
antigen; ADAMTS13:INH, ADAMTS13 inhibitors; ELISA,
enzyme-linked immunosorbent assay; HCC, hepatocellular
carcinoma; IL-6, interleukin 6; IL-8, interleukin 8; JIS, Japan
Integrated Staging; SBP, spontaneous bacterial peritonitis;
TNF-α, tumor necrosis factor-α; TTP, thrombotic thrombocytopenic purpura; UL-VWFM, unusually large von
Willebrand factor multimer; VWF, von Willebrand factor;
VWF:AG, von Willebrand factor antigen; VWFM, VWF
multimer; VWF:RCo, VWF ristocetin cofactor activity.
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